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Abstract 
Demographic growth and climatic change in the sub-Sahelian region threaten the sustainability of environmental resources. 
Modifying farming practices could help to compensate for harmful changes in environmental conditions. A research program was 
carried out between 1980 and 1987 in Ziga, in the Yatenga region of Burkina Faso, to identify and evaluate changes in farming 
practices made to ensure the development of agriculture. In 2005, a survey was carried out in the same village to assess the 
changes made to farming practices. This revealed two practices - zaï and djengo - that had not been previously observed or 
evaluated and which were widely applied in the cultivation systems. Zaï is a traditional technique for restoring degraded soil by 
capturing runoff using microcatchments and a localized supply of organic matter around the plants. Djengo is based on the same 
principle as zaï but it is applied on sandy soils whereas zaï is usually applied on degraded, crusty soils. These two practices could 
increase grain yields and limit the risk of crop failure. Observations also showed that there was frequent tree regeneration in plots 
and microcatchments where zaï or djengo practices were used. This study highlighted an example of ecological engineering 
carried out by farmers in sub-Saharan Africa. The development of these practices indicates the importance of the spatial 
organization of the determining components that drive an ecological system. Further research should be carried out into this 
concept to help to improve soil fertility management and farming systems in savanna agrosystems. 
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1. Introduction 
In the Burkina Faso, the climate is characterized by two distinct seasons with a rainy season lasting 3 to 5 months 
and high air temperatures for the whole year even during the rainy season. The soils are generally Lixisoils 
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according to the FAO classification. The topsoil is coarse-textured and tends to form a crust that increases runoff 
and water loss [1,2]. Soil management is largely based on recycling the organic matter resources produced within 
the agroecosystems. The determinants of the viability of such systems were crop / fallow rotation and maintenance 
of soil fertility by transferring organic matter from livestock or domestic waste to cultivated land. Any disturbance 
that modifies the balance between the production of organic resources and consumption will increase the risk of 
depleting the viability of these systems [3,4]. The population is increasing rapidly, more than 3% per year for the 
last decades, and the need for food production is increasing. Pressure on land leads to a decrease in the production of 
natural resources (reduction of fallow time, livestock have to go further afield, outside the agrosystem, to find food), 
which in turn depletes soil fertility, sometimes causing severe soil degradation in areas with extreme climatic events 
[5]. The systems became more vulnerable to climatic changes, as was the case during the great drought of the 1970s. 
To find out how farmers reacted to these changes, and more particularly whether they changed their practices, a 
study was carried out in a village that had been monitored during the 1980s and 1990s to see whether farming 
practices had changed, in particular so far as soil fertility and water management were concerned. 
2. Materials and methods 
The study was carried out in the village of Ziga, in the Yatenga region in the north of Burkina Faso. The rainy 
season lasts from June to October with an average rainfall of about 600 mm per year. The non-cultivated area is 
savanna where trees are dominated by the Combretaceae family. The village was populated by Mossi and Peul 
families. From the 1980s, a research development project had focused on the improvement of soil productivity. This 
project described the different soil fertility management practices used [6]. In 2005, we returned to Ziga and 
compared the results of a survey of 44 farms with the description of the previous study to determine what changes 
had occurred. At the same time, plots were identified from 52 fields where sorghum was cultivated. The grain yield 
was measured and the different soil and water conservation practices developed by farmers were compared [7]. Soil 
samples were also taken from fields that had been cultivated for 2 years and 8 years using the zaï practice and from 
fields where the zaï practice had not been used, to evaluate the impact of zaï on soil organic carbon [8]. For each 
selected zaï hole, soil samples were taken inside the zaï hole, under the hole and around the hole at depths of 0-10 
cm and 10-20 cm. The soil organic carbon was assessed using the Walkey and Black oxidizing method on air-dried, 
2-mm sieved soils. 
3. Results and discussion 
Twenty years ago, the research development project reported that it was necessary to control runoff and erosion 
to make the best use of rainwater and maintain soil fertility. They suggested extending the local physical control of 
runoff using lines of stones, improving tillage practices using animal traction, increasing production and using 
organic resources as inputs, as well as using mineral fertilizers. Some traditional practices for restoring degraded soil 
such as zaï were reported but they were secretive about these techniques. In 2005, observations showed a change in 
the relative extent of cultivated plants in the crop rotation. There was an increase in the amount of sorghum in crop 
rotation and a decrease in that of millet. However, sorghum requires more nutrients and water than millet. It was 
also observed that zaï and a similar practice, djengo, had a major role in soil management practices (Fig. 1). 
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Fig.1. Proportion of fields cultivated with four different tillage practices for a sample of 8 farms in Ziga, Burkina Faso (2005) 
Zaï is a traditional practice used in the Sahelian area to restore degraded soils or topsoils with physical properties 
that are unsuitable for traditional tillage practices (i.e. soils that form a crust or stony soils). Zaï is derived from the 
Mossi language meaning “to wake up early”. This technique requires soil to be prepared a long time before seeding. 
Farmers dig microcatchments (zaï holes) to trap the rain, sand and organic residues transported by the wind (Fig. 
2a). They then apply manure or a mixture of organic matter from the farm which is more or less composted (Figs. 2b 
and 2e). Some studies showed that this is a complex soil restoration system with soil fauna playing a major role [9]. 
It is a time-consuming technique and relies on the availability of organic resources. These two constraints may 
prevent it from being more generally adopted by farmers 
The djengo practice is based on the same principle as zaï. The main difference is that it is applied on more sandy 
soils which are not degraded. The term djengo refers to a hand hoe that is widely used in most Sahelian areas with 
sandy soils. This hoe is used in an upright position (Fig. 2d). The aim is to create a microcatchment for runoff, 
mostly for the first rainfall, and supply organic products such as fertilizers before seeding. Although the djengo
technique is not very time-consuming, the availability of organic materials remains a key issue. 
When asked what was important for ensuring good results using the zaï technique, farmers emphasized the 
importance of controlling runoff over the whole field using lines of stones. They also referred to the need for organic 
matter as fertilizer. In Ziga, many manure pits had been set up to collect, store and sometimes compost organic 
residues (see photographs). The organic residues came from livestock, domestic waste and even from non cultivated 
areas (Fig. 2e). For Ziga, the proximity of the town of Ouahigouya stimulated the development of animal farming, 
using more sedentary livestock farming techniques that favored manure availability. These practices were not 
uniform in terms of tillage operations and timing. There was considerable variation in the zaï practice concerning the 
size and density of holes, the quality and amount of organic matter used and the times when the various operations 
were carried out. For example, the zaï holes were usually dug during the dry season but sometimes they were only 
dug at the onset of the rainy season. The crop sequence also varied. Some farmers cultivated their fields every year 
using zaï, whereas others used zaï every other year. Some dug holes in the same place whereas others dug them at 
random every year. Tillage also varied for djengo with microcatchments being set up after weeds had grown or even 
after the first tillage by animal traction. The supply of organic matter varied. Some farmers only applied mineral 
fertilizers, in which case they considered that water control was essential. The variability in the zaï practices was a 
response to environmental factors such as soil quality, erratic rainfall and farming systems such as the availability of 
organic matter and labor. 
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Fig. 2. a) Making microcatchments b) Adding organic matter to the microcatchments c) Microcatchments with plants after rain d) The djengo
practice e) Farm pits filled with manure, crop residues and other domestic waste f) Fields tilled using the zaï practice and stone lines. 
(photographs T Kaboré) 
In 2005, the yields from fields which had been cultivated using zaï or djengo practices were compared with those 
from other fields (Table 1). The grain yield was the same as for fields tilled in the conventional way. However, the 
plant biomass was significantly higher in djengo and zaï plots. The plant growth was improved with zaï and djengo,
but a water deficit at the end of the rainy season reduced the grain yield. Greater demand for water by plants 
cultivated using djengo and zaï might explain the greater sensitivity of these plants to water stress. Erratic rainfall is 
a very common pattern in the semi arid sub-Saharan region and so farmers aim to offset this risk by adopting 
appropriate techniques. In this case, the major risk is establishing the crop at the onset of the rainy season: zaï and 
djengo practices were adopted to capture the first rains and limit the risk of seeding failure. 
There was no significant difference in the organic carbon content of the topsoil under conventional tillage and in 
zaï and djengo plots owing to the considerable variability in the results (Fig. 3). However, the organic carbon 
content tended to be higher in the zaï holes and increased with longer tillage. The soil organic carbon was 
significantly higher in the soil in zaï holes where organic fertilizer had been added and increased with the duration 
of the zaï. The effect on soil organic matter was greater under the holes than between holes. The previous study 
showed that zaï encouraged biological activity, particularly termite activity, improving soil porosity and water 
infiltration. 
Table 1. Sorghum grain and biomass yields (mean ± SE) for fields tilled with conventional, “zaï” and “djengo” practices
Variables 
(Mg.ha-1)
Conventional 
tillage 
(n=20) 
Djengo 
(n=9) 
Zaï
(n=23) 
P value 
Grain 0.93 ± 0.13 0.92 ± 0.16 1.1 ± 0.13 0.599 
Plant biomass 1.82 ± 0.19 b 2.32 ± 0.49 ab 2.96 ± 0.35 a 0.032 
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Fig. 3. Soil organic carbon content at depths of 0- 10 cm and 10-20 cm in zaï fields relative to samples taken from between or in holes, compared 
to conventional tillage (“no zaï”) 
The zaï practice extended the area under cultivation in each farm and in the countryside. Farmers recognized that 
zaï required considerable effort to establish the crops but they also said that, once the crops were established, they 
did not need to till during growing season. Particularly on stony or crusty soils, fewer weeds grew around the holes 
and tillage operations during growing season were reduced. For this reason land in Ziga with stony or crusty soil has 
become economically viable. 
The environmental impact as a result of water control using microcatchments in the fields enabled the 
regeneration of trees (Fig. 2f). There was an outstanding example of savanna regeneration in the village of Gourga 
near Ziga, where a farmer restored a forest from a degraded totally bare soil, known locally as “zipellé”. He started 
by growing cereals for 3 or 4 years using zaï. During this period trees regenerated. He then stopped cultivation and 
natural vegetation took over on the field. After 20 years, this farmer had a savanna with an almost continuous tree 
canopy. The farmer controlled runoff and erosion locally, allowed plant regeneration and removed wood and other 
plant products. This restoration and use of degraded soils taking account of all the components of the soil plant 
system is an example of ecological engineering where the initial zaï triggered the rehabilitation of the savanna. This 
practice has been called forest zaï.
It was thought that the soil and water conservation practices developed by farmers two decades ago corresponded 
to the concept of ecological engineering defined by Odum and Odum [10] as “the study and practice of fitting 
environmental technology with ecosystems self design for maximum performance”. Zaï and djengo practices are 
based on management of the water and nutrients needed by the plants at field and plant / soil scale with the aim of 
concentrating the resources for the plants. Such technologies could be based on the conceptual and ecological 
properties of the savanna ecosystem in West Africa. A similar approach has been described in other studies on 
savanna functioning. For example, the perennial grasses in Lamto savanna developed a closed system enabling them 
to be self sufficient in terms of nutrients by rapid recycling of root exudates in the rhizosphere. The nutrient 
resources are concentrated in the plant system after a period of organic accumulation [11,12]. The tiger bush in 
Niger is also a dynamic system based concentrating water or plant residues under the control of the biological 
activity, with wind and runoff as transport vectors [13,14]. Studies on plant savanna dynamics have defined the 
concept of patch-dynamics to explain the stable equilibrium persisting over millennia in arid savannas where rainfall 
is erratic [15-17]. The authors considered that the landscape consists of a shifting mosaic of many patches in 
different states of transition between grassy and woody dominance resulting in the equilibrium of the vegetation. 
Several studies of farming systems have used efficiency gradients for farmer-driven resources within farms showing 
that farmers invest more effort and resources in the more productive, less risky fields within their farms [18,19]. An 
analysis of the organic fluxes within the village showed that most of the organic matter from livestock or domestic 
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waste was applied to a limited number of fields in the farming systems. It was suggested that this patchiness of 
carbon fluxes might guarantee the viability of tropical agroecosystems [3]. Zaï practices and related practices such 
as djengo are in line with the concept of the patchy application of resources to maximize plant yields.  
In conclusion, the development of these practices seems to be further evidence of the importance of the spatial 
organization of the determinant components that drive an ecological system. The localization or concentration of 
resources in a poor environment is the most efficient form of organization to ensure the viability of a system. Further 
study of this hypothesis is required in these pedoclimatic conditions to help to improve soil fertility management and 
farming systems in savanna agrosystems. 
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